Background Background Various behavioural
Various behavioural indices of brain lateralisation significantly indices of brain lateralisation significantly intercorrelate, but current research in this intercorrelate, but current research in this area still focuses on single behavioural area still focuses on single behavioural asymmetries, such as handedness. asymmetries, such as handedness.
Aims Aims To describe a novel approach,
To describe a novel approach, which simultaneously integrates various which simultaneously integrates various laterality indices and delineates complex laterality indices and delineates complex phenotypes. phenotypes.
Method Method Grade of membership analysis
Grade of membership analysis was used to describe latent, complexlaterwas used to describe latent, complexlateralisationphenotypesinpatientswithschizoalisationphenotypesinpatientswithschizophrenia ( phrenia (n n¼157), their siblings ( 157), their siblings (n n¼74) 74) and and controls ( controls (n n¼77).The indices used were 77).The indices used were asymmetries of eye, foot and hand; hand asymmetries of eye, foot and hand; hand motor proficiency; and handedness of motor proficiency; and handedness of patient's first-degree relatives. patient's first-degree relatives.
Results
Results Three distinct pure types of Three distinct pure types of lateralisation ('right','left'and'mixed') were lateralisation ('right','left'and'mixed') were evident in patients compared with two evident in patients compared with two ('right'and 'left') in siblings and controls. ('right'and 'left') in siblings and controls. The'mixed'type in patients featured The'mixed'type in patients featured absence of eye and foot lateralisation and absence of eye and foot lateralisation and presence of familial sinistrality, despite a presence of familial sinistrality, despite a right-hand right-hand dominance for writing.Patients dominance for writing.Patients with schizophrenia expressing the'left'phenwith schizophrenia expressing the'left'phenotype had a more severe course of illness, otype had a more severe course of illness, significantly increased scores on two schizosignificantlyincreased scores on two schizotypy factors and poorer neurocognitive typy factors and poorer neurocognitive performance.The pure types in the siblings performance.The pure typesin the siblings were similar to those in healthy controls. were similar to those in healthy controls.
Conclusions Conclusions The findings suggestthat
The findings suggestthat a leftward reversal, rather than a a leftward reversal, rather than a reduction in lateralisation, is associated reduction in lateralisation, is associated with clinical severity and neurocognitive with clinical severity and neurocognitive deficits in patients with schizophrenia. deficits in patients with schizophrenia.
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Atypical hand preference in people with Atypical hand preference in people with schizophrenia has been described by schizophrenia has been described by numerous investigators. However, considnumerous investigators. However, considering that most neurobehavioural and ering that most neurobehavioural and neurocognitive markers in schizophrenia neurocognitive markers in schizophrenia are of modest effect size (Heinrichs, are of modest effect size (Heinrichs, 2001) , reliance on hand dominance may 2001), reliance on hand dominance may restrict the power of studies to detect restrict the power of studies to detect consistent relationships among laterality consistent relationships among laterality measures, cognition and familial risks. measures, cognition and familial risks. The assumption that handedness is suffiThe assumption that handedness is sufficiently representative of all other asymmeciently representative of all other asymmetries is present in genetic models of tries is present in genetic models of handedness (Annett, 1985; McManus, handedness (Annett, 1985; McManus, 1985) . This approach has recently been 1985). This approach has recently been criticised on the basis that assessment of criticised on the basis that assessment of various asymmetries is necessary for various asymmetries is necessary for complex genetic modelling (McManus, complex genetic modelling (McManus, 1999) . In this study we employed a novel 1999). In this study we employed a novel approach by integrating various behavioural approach by integrating various behavioural asymmetries and familial indices. The model asymmetries and familial indices. The model was tested in patients with schizophrenia, was tested in patients with schizophrenia, their siblings and a control group -first in their siblings and a control group -first in the pooled sample of all three groups, and the pooled sample of all three groups, and then separately in patients, siblings and then separately in patients, siblings and controls. In each group we examined the controls. In each group we examined the relationship between the obtained laterality relationship between the obtained laterality phenotypes and a range of neurocognitive phenotypes and a range of neurocognitive measures, personality traits and (for the measures, personality traits and (for the schizophrenia group only) clinical variables. schizophrenia group only) clinical variables.
METHOD METHOD Participants Participants
Participants were drawn from the Western Participants were drawn from the Western Australian Family Study of Schizophrenia Australian Family Study of Schizophrenia (Hallmayer (Hallmayer et al et al, 2003; Jablensky, 2004 Jablensky, ). , 2003 Jablensky, 2004) . The patient group comprised 157 biologiThe patient group comprised 157 biologically unrelated individuals (34 women) cally unrelated individuals (34 women) aged 17-69 years who met both ICD-10 aged 17-69 years who met both ICD-10 (World Health Organization, 1992) and (World Health Organization, 1992) and DSM-IV (American Psychiatric Associa-DSM-IV (American Psychiatric Association, 1994) criteria for a lifetime diagnosis tion, 1994) criteria for a lifetime diagnosis of schizophrenia disorder and had been of schizophrenia disorder and had been recruited from consecutive admissions to a recruited from consecutive admissions to a psychiatric hospital. Patients with copsychiatric hospital. Patients with comorbid organic brain disease or substance morbid organic brain disease or substance use disorder that could account for the use disorder that could account for the psychotic symptoms, or with language diffipsychotic symptoms, or with language difficulties, were excluded. The comparison culties, were excluded. The comparison sample consisted of 74 (50 women) clinisample consisted of 74 (50 women) clinically unaffected siblings of patients with cally unaffected siblings of patients with schizophrenia (14-63 years old) and a conschizophrenia (14-63 years old) and a control group of 77 (34 women) unrelated trol group of 77 (34 women) unrelated community residents (19-84 years old). community residents (19-84 years old). Controls were excluded if they had a hisControls were excluded if they had a history of a psychotic disorder, organic brain tory of a psychotic disorder, organic brain disease or substance use disorder. Written disease or substance use disorder. Written informed consent was obtained from informed consent was obtained from all participants. The study was approved all participants. The study was approved by the Committee for Human Rights at the by the Committee for Human Rights at the University of Western Australia and the University of Western Australia and the Graylands Hospital Ethics Committee. Graylands Hospital Ethics Committee.
Clinical assessment Clinical assessment
All patients, siblings and controls were All patients, siblings and controls were interviewed by a psychiatrist or other interviewed by a psychiatrist or other trained mental health professional using trained mental health professional using the Schedules for Clinical Assessment in the Schedules for Clinical Assessment in Neuropsychiatry (SCAN; Wing Neuropsychiatry (SCAN; Wing et al et al, , 1990) . In addition, all participants filled 1990). In addition, all participants filled in the self-administered Schizotypal in the self-administered Schizotypal Personality Questionnaire (SPQ; Raine, Personality Questionnaire (SPQ; Raine, 1991 et al, 1992) , 1992) was used to collect information on the was used to collect information on the patients from key family members. Case patients from key family members. Case notes were consulted to extract data on notes were consulted to extract data on number and duration of hospitalisations, number and duration of hospitalisations, and dosage of antipsychotic medication and dosage of antipsychotic medication prescribed. prescribed.
Laterality measures Laterality measures
The Edinburgh Handedness Inventory The Edinburgh Handedness Inventory (EHI; Oldfield, 1971) was used to assess (EHI; Oldfield, 1971) was used to assess hand preference in the study participants hand preference in the study participants and to record the reported handedness of and to record the reported handedness of their parents. Eye and foot preferences were their parents. Eye and foot preferences were included as independent items in the analyincluded as independent items in the analysis. On the basis of the EHI, participants sis. On the basis of the EHI, participants were classified into handedness categories were classified into handedness categories before statistical analysis: individuals with before statistical analysis: individuals with laterality quotients ranging from laterality quotients ranging from 7 7100 to 100 to 7 771 were classified as left-handers, those 71 were classified as left-handers, those with laterality quotients from +70 to +100 with laterality quotients from +70 to +100 as right-handers and the remaining individas right-handers and the remaining individuals (score from uals (score from 7 770 to +70) as mixed-70 to +70) as mixedhanders. These cut-off scores for the EHI, handers. These cut-off scores for the EHI, determined on the basis of statistical criteria, determined on the basis of statistical criteria, were found to be in good agreement with were found to be in good agreement with handedness categorisation based on hand handedness categorisation based on hand demonstration tasks (Dragovic, 2004) . demonstration tasks (Dragovic, 2004) . Writing hand and familial sinistrality variWriting hand and familial sinistrality variables were also extracted from the EHI ables were also extracted from the EHI responses. responses.
D R AGOV I C E T A L D R A GOV I C E T A L
Motor proficiency of each hand Motor proficiency of each hand was assessed by the finger-tapping task was assessed by the finger-tapping task (Reitan, 1969) (Stough et al et al, 1996; White, 1996 White, ), which , 1996 White, 1996) , which produces a more accurate assessment of produces a more accurate assessment of an individual's speed of processing than an individual's speed of processing than traditional reaction time measures. Verbal traditional reaction time measures. Verbal Fluency, FAS version (Benton Fluency, FAS version (Benton et al et al, 1994) , 1994) was used as a measure of executive lexical was used as a measure of executive lexical retrieval. retrieval.
Statistical analyses Statistical analyses
To identify complex patterns of laterality To identify complex patterns of laterality and their distribution within the study and their distribution within the study population, we used a version of latent population, we used a version of latent class analysis known as grade of class analysis known as grade of membership (Woodbury membership (Woodbury et al et al, 1978; , 1978; Woodbury & Manton, 1982; Manton Woodbury & Manton, 1982; Manton et et al al, 1994 , where all individual hetero-), where all individual heterogeneity of the data is accounted for by the geneity of the data is accounted for by the g g ik ik scores. The input data for grade of scores. The input data for grade of membership include both internal varimembership include both internal variables, used to identify pure types, and ables, used to identify pure types, and external variables, estimated conditional external variables, estimated conditional on the identified pure types and placing on the identified pure types and placing the latter in a context, without affecting the latter in a context, without affecting their definition. The level of correspontheir definition. The level of correspondence of each variable to the final pure type dence of each variable to the final pure type definition is assessed by the information definition is assessed by the information content statistic ( content statistic (H H), which can be inter-), which can be interpreted as effect size indicating the level preted as effect size indicating the level of of contribution of each variable to the model contribution of each variable to the model likelihood (values of likelihood (values of H H less than 0.10 less than 0.10 suggest a non-significant contribution). suggest a non-significant contribution). Grade of membership operates with both Grade of membership operates with both continuous and categorical data, and continuous and categorical data, and requires no assumptions about the distrirequires no assumptions about the distributions of the dependent variables. It has butions of the dependent variables. It has been used in both psychiatry research been used in both psychiatry research (Manton (Manton et al et al, 1994; Jablensky & Wood-, 1994; Jablensky & Woodbury, 1995; Nurnberg bury, 1995; Nurnberg et al et al, 1999; Cassidy , 1999 The pure types in this analysis were The pure types in this analysis were derived from two sets of internal variables: derived from two sets of internal variables: behavioural lateralities (writing hand, behavioural lateralities (writing hand, handedness category, motor proficiency, handedness category, motor proficiency, and foot and eye dominance) and familial and foot and eye dominance) and familial indices (parents' and sibling's handedness, indices (parents' and sibling's handedness, and familial sinistrality). As each individual and familial sinistrality). As each individual may approximate to varying degrees (quanmay approximate to varying degrees (quantified by grade of membership scores) to tified by grade of membership scores) to more than one pure type, grade of membermore than one pure type, grade of membership allows individuals to be uniquely ship allows individuals to be uniquely assigned to discrete groups, based on the assigned to discrete groups, based on the pure type for which they exhibited the highpure type for which they exhibited the highest est g g ik ik .
Further characterisation of such . Further characterisation of such groups can then be obtained by convengroups can then be obtained by conventional statistical analyses for relevant extertional statistical analyses for relevant external variables, including, in this study, nal variables, including, in this study, neurocognitive performance (scores on neurocognitive performance (scores on each neurocognitive task), personality traits each neurocognitive task), personality traits (three schizotypy factors derived from the (three schizotypy factors derived from the SPQ (Raine SPQ (Raine et al et al, 1994) ), and several clini-, 1994)), and several clinical measures (for the schizophrenia group cal measures (for the schizophrenia group only). only).
RESULTS RESULTS
Several behavioural asymmetries (writing Several behavioural asymmetries (writing hand, handedness, footedness, eyedness hand, handedness, footedness, eyedness and motor lateralisation) and familial coand motor lateralisation) and familial cofactors (familial sinistrality and parents' factors (familial sinistrality and parents' handedness) were used as internal variables handedness) were used as internal variables to delineate latent laterality subtypes in the to delineate latent laterality subtypes in the three samples. The first stage of grade of three samples. The first stage of grade of membership analysis, which explored the membership analysis, which explored the data for latent patterns of lateralisation in data for latent patterns of lateralisation in the pooled sample of patients, siblings and the pooled sample of patients, siblings and controls, resulted in three ideal pure types controls, resulted in three ideal pure types (labelled 'left', 'mixed' and 'right', respec-(labelled 'left', 'mixed' and 'right', respectively) as the most parsimonious solution, tively) as the most parsimonious solution, integrating all of the measures into left, integrating all of the measures into left, mixed and right composite patterns that mixed and right composite patterns that were uncorrelated with one another. Each were uncorrelated with one another. Each pure type was expressed, to a varying pure type was expressed, to a varying degree, in patients, siblings and controls, degree, in patients, siblings and controls, with a moderately increased probability with a moderately increased probability ( (l l¼64.9%) for an individual expressing 64.9%) for an individual expressing fully the left pure type to be a patient. fully the left pure type to be a patient.
In the second stage we investigated In the second stage we investigated whether a comparable latent structure, whether a comparable latent structure, using the identical set of internal variables, using the identical set of internal variables, was present in separate samples. The results was present in separate samples. The results showed that the best grade of membership showed that the best grade of membership model for the schizophrenia group model for the schizophrenia group consisted of three composite pure types, consisted of three composite pure types, whereas two pure types ('left' and 'right') whereas two pure types ('left' and 'right') provided the best description of the data provided the best description of the data in siblings of patients with schizophrenia in siblings of patients with schizophrenia and in the control group. After obtaining and in the control group. After obtaining the three-pure-type solution in the schizothe three-pure-type solution in the schizophrenia group and the two-pure-type soluphrenia group and the two-pure-type solution in the groups of siblings and controls, tion in the groups of siblings and controls, further modelling of the data failed to further modelling of the data failed to produce significant improvement in produce significant improvement in goodness-of-fit. In the schizophrenia group, goodness-of-fit. In the schizophrenia group, a change in a change in w w 2 2 was significant for the twowas significant for the twotype solution ( type solution (P P5 50.0001), and for the 0.0001), and for the three-type solution ( three-type solution (P P¼0.005), but not for 0.005), but not for the four-type solution ( the four-type solution (P P¼0.920). In the 0.920). In the samples of siblings and controls a change samples of siblings and controls a change in in w w 1. The optimal (most parsimonious) number of pure types partitioning the data matrix is indicated by the changes in the log likelihood ratio for consecutive potential solutions. 1. The optimal (most parsimonious) number of pure types partitioning the data matrix is indicated by the changes in the log likelihood ratio for consecutive potential solutions. Chi-squared values (being twice the difference of the log likelihood ratio for subsequent pure types) were significant for the two-and three-pure-type solution in the schizophrenia Chi-squared values (being twice the difference of the log likelihood ratio for subsequent pure types) were significant for the two-and three-pure-type solution in the schizophrenia group, but were non-significant after four-pure-type solution onwards. In the groups of siblings and controls only 2 pure type solution yielded a significant change. group, but were non-significant after four-pure-type solution onwards. In the groups of siblings and controls only 2 pure type solution yielded a significant change. Pure type 'right' is expressed in the majority Pure type 'right' is expressed in the majority of participants in all three samples. It is of participants in all three samples. It is characterised by a rightward lateralisation characterised by a rightward lateralisation in all domains (hand, foot, eye and in all domains (hand, foot, eye and motor proficiency) and matching rightmotor proficiency) and matching righthandedness in the first-degree relatives. handedness in the first-degree relatives.
External variables associated External variables associated with pure types with pure types
The pure types described by The pure types described by l l kj kj probabilprobabilities represent extreme profiles, expressed ities represent extreme profiles, expressed in their entirety ( in their entirety (g g ik ik ¼1.0) by only a minor-1.0) by only a minority of individuals in the sample, whereas ity of individuals in the sample, whereas the majority approximate any such profile the majority approximate any such profile to a varying, quantifiable degree. In order to a varying, quantifiable degree. In order to compare the lateralisation patterns idento compare the lateralisation patterns identified by grade of membership pure types in tified by grade of membership pure types in terms of conventional descriptive statistics, terms of conventional descriptive statistics, participants were grouped into discrete participants were grouped into discrete clusters, based on each individual's highest clusters, based on each individual's highest grade of membership for any laterality pure grade of membership for any laterality pure 2 2 4 2 2 4 . Within the two comparison groups, 27 (36%) of the two comparison groups, 27 (36%) of the siblings group and 27 (35%) of the conthe siblings group and 27 (35%) of the control group were classified as 'left', whereas trol group were classified as 'left', whereas 47 (64%) of the sibling group and 50 47 (64%) of the sibling group and 50 (65%) of the control group were assigned (65%) of the control group were assigned to the 'right' phenotype category. to the 'right' phenotype category.
Further characterisation of the pure Further characterisation of the pure types was achieved by performing analysis types was achieved by performing analysis of variance and Kruskal-Wallis tests (for of variance and Kruskal-Wallis tests (for the schizophrenia group), using pure type the schizophrenia group), using pure type assignments as the main factor, and Student assignments as the main factor, and Student t t-tests (for the sibling and control group) -tests (for the sibling and control group) for external variables that had not been for external variables that had not been used in the identification of laterality pure used in the identification of laterality pure type (Table 2 ). Since the patients with type (Table 2 ). Since the patients with schizophrenia assigned to the three pure schizophrenia assigned to the three pure types did not differ in age ( types did not differ in age (F F (2,154) ( Raine et al et al, 1994) and neurocogni-, 1994) and neurocognitive performance revealed that members of tive performance revealed that members of pure types -patients with schizophrenia pure types -patients with schizophrenia in particular -differ on these measures. in particular -differ on these measures. Within the schizophrenia group, a consisWithin the schizophrenia group, a consistent (non-significant) trend of differences tent (non-significant) trend of differences between the three pure types emerged on between the three pure types emerged on several clinical measures. The 'left' patients several clinical measures. The 'left' patients had the highest total number of hospitalisahad the highest total number of hospitalisations, the longest total length of stay in tions, the longest total length of stay in psychiatric hospital, and the greatest durapsychiatric hospital, and the greatest duration of the single longest in-patient admistion of the single longest in-patient admission. There was a non-significant increase sion. There was a non-significant increase in the median number of hospitalisations in the median number of hospitalisations in the 'mixed' and 'left' patients combined, in the 'mixed' and 'left' patients combined, relative to the group of 'right' patients. No relative to the group of 'right' patients. No difference was found across the three difference was found across the three groups with regard to the median daily groups with regard to the median daily dosage of antipsychotic medication (condosage of antipsychotic medication (converted into chlorpromazine equivalents). verted into chlorpromazine equivalents). All the participants with schizophrenia All the participants with schizophrenia had higher scores on the SPQ schizotypy had higher scores on the SPQ schizotypy traits than their siblings and the controls traits than their siblings and the controls (the latter two groups did not differ consis-(the latter two groups did not differ consistently from one another on these measures). tently from one another on these measures). Within the schizophrenia group, patients Within the schizophrenia group, patients assigned to the 'left' pure type displayed assigned to the 'left' pure type displayed significantly higher scores ( significantly higher scores (F F (2,124) (2,124) ¼3.66, 3.66, P P¼0.029) on the cognitive-perceptual dys-0.029) on the cognitive-perceptual dysfunction factor (ideas of reference, magical function factor (ideas of reference, magical thinking, unusual perceptual experiences thinking, unusual perceptual experiences and paranoid ideation) than patients and paranoid ideation) than patients assigned to the 'right' and 'mixed' pure assigned to the 'right' and 'mixed' pure types. There was a nearly significant types. There was a nearly significant ( (F F (2,124) (2,124) ¼2.89, 2.89, P P¼0.059) increase on the 0.059) increase on the SPQ interpersonal factor (social anxiety, SPQ interpersonal factor (social anxiety, no close friends, constricted affect). The no close friends, constricted affect). The three schizophrenia subgroups did not three schizophrenia subgroups did not differ on the SPQ disorganisation factor differ on the SPQ disorganisation factor (odd behaviour, odd speech).
(odd behaviour, odd speech). In the schizophrenia group, patients In the schizophrenia group, patients assigned to the 'left' and 'mixed' pure types assigned to the 'left' and 'mixed' pure types tended to have poorer performance than tended to have poorer performance than patients assigned to the 'right' type, on patients assigned to the 'right' type, on premorbid and current IQ, verbal fluency premorbid and current IQ, verbal fluency and the two versions of the Continuous and the two versions of the Continuous Performance Test, and to be slower on Performance Test, and to be slower on the Inspection Time task. Although the the Inspection Time task. Although the differences in mean scores were not statisdifferences in mean scores were not statistically significant, the trend of greater tically significant, the trend of greater impairment in performance on tasks impairment in performance on tasks involving effortful lexical retrieval, susinvolving effortful lexical retrieval, sustained attention and working memory in tained attention and working memory in patients assigned to the two 'non-right' patients assigned to the two 'non-right' types are consistent (Fig. 1) . In the groups types are consistent (Fig. 1) . In the groups of siblings and controls, the tests for of siblings and controls, the tests for between-group differences revealed that between-group differences revealed that members of the two laterality subtypes members of the two laterality subtypes performed almost equally on all neuroperformed almost equally on all neurocognitive tasks. Finally, in the schizocognitive tasks. Finally, in the schizophrenia group we examined whether leftphrenia group we examined whether lefthandedness of each parent was specifically handedness of each parent was specifically associated with patient's assignment to a associated with patient's assignment to a composite laterality subtype. Of the 19 composite laterality subtype. Of the 19 patients with schizophrenia who reported patients with schizophrenia who reported having a left-handed mother, 14 were having a left-handed mother, 14 were assigned by grade of membership to the assigned by grade of membership to the 'left' laterality subtype, 1 to the 'right' 'left' laterality subtype, 1 to the 'right' and 4 to the 'mixed'. In contrast, of 18 and 4 to the 'mixed'. In contrast, of 18 patients with left-handed fathers, 13 were patients with left-handed fathers, 13 were assigned to the 'mixed' subtype, 1 to the assigned to the 'mixed' subtype, 1 to the 'right' and 3 to the 'mixed'. The differential 'right' and 3 to the 'mixed'. The differential association between fathers' or mothers' association between fathers' or mothers' left-handedness and patient's assignment left-handedness and patient's assignment to a laterality subtype was statistically to a laterality subtype was statistically significant ( significant (w w 
DISCUSSION DISCUSSION
Our study explored the presence of latent, Our study explored the presence of latent, composite laterality phenotypes, defined composite laterality phenotypes, defined by probabilities of joint occurrence of mulby probabilities of joint occurrence of multiple measures of behavioural asymmetries tiple measures of behavioural asymmetries in patients with schizophrenia, their unin patients with schizophrenia, their unaffected siblings and healthy controls. affected siblings and healthy controls. Three composite subtypes ('left', 'right' Three composite subtypes ('left', 'right' and 'mixed' latent pure types) provided an and 'mixed' latent pure types) provided an optimal partitioning of the patient sample. optimal partitioning of the patient sample. In contrast, only two laterality subtypes In contrast, only two laterality subtypes characterised the sibling and control characterised the sibling and control groups, where a 'mixed' subtype did not groups, where a 'mixed' subtype did not improve the fit of the model to the data. improve the fit of the model to the data. Although the majority of both sibling and Although the majority of both sibling and control participants were assigned to the control participants were assigned to the 'right' composite laterality type, over half 'right' composite laterality type, over half of the participants with schizophrenia of the participants with schizophrenia expressed atypical or attenuated behavioural expressed atypical or attenuated behavioural lateralisation (21% with high grades of lateralisation (21% with high grades of membership in the 'left' subtype and 36% membership in the 'left' subtype and 36% with high grades of membership in the with high grades of membership in the 'mixed' subtype). The frequencies of 'mixed' subtype). The frequencies of atypical composite laterality phenotypes in atypical composite laterality phenotypes in 2 2 5 2 2 5 unaffected participants (36% in siblings unaffected participants (36% in siblings and 35% in controls) are nearly identical and 35% in controls) are nearly identical to the proportion of individuals (approxito the proportion of individuals (approximately 35%) in the general population estimately 35%) in the general population estimated by Geschwind & Galaburda (1985) mated by Geschwind & Galaburda (1985) as having 'anomalous' dominance. Simias having 'anomalous' dominance. Similarly, Annett's 'right shift' theory (Annett, larly, Annett's 'right shift' theory (Annett, 1985) predicts that 37% of people should 1985) predicts that 37% of people should be classified as non-right-hand dominant. be classified as non-right-hand dominant. Notably, our latent class grade of memberNotably, our latent class grade of membership model classified both left-and mixedship model classified both left-and mixedhandedness among the siblings and controls handedness among the siblings and controls as part of the composite 'left' pure type. as part of the composite 'left' pure type. The closeness of our empirical findings to The closeness of our empirical findings to those estimates and predictions provides those estimates and predictions provides indirect support for the validity of the grade indirect support for the validity of the grade of membership modelling of multiple laterof membership modelling of multiple laterality measures. ality measures. The lack of clear behavioural lateralThe lack of clear behavioural lateralisation in patients with schizophrenia is isation in patients with schizophrenia is best illustrated by the 'mixed' subtype, best illustrated by the 'mixed' subtype, which represents a close approximation to which represents a close approximation to the 'mixed-handedness' construct. In conthe 'mixed-handedness' construct. In contrast to previous studies, where reduced trast to previous studies, where reduced functional lateralisation has been restricted functional lateralisation has been restricted to hand preference (Cannon to hand preference (Cannon et al et al, 1995; , 1995; Malesu Malesu et al et al, 1996; Orr , 1996; Orr et al et al, 1999; Collin-, 1999; Collinson son et al et al, 2004) , our model broadens this , 2004), our model broadens this construct by including multiple measures construct by including multiple measures of behavioural asymmetries. Furthermore, of behavioural asymmetries. Furthermore, our finding of two 'non-right' patterns our finding of two 'non-right' patterns ('left' and 'mixed') of anomalous lateral-('left' and 'mixed') of anomalous lateralisation in schizophrenia implicates both isation in schizophrenia implicates both reductions of lateral preferences and reductions of lateral preferences and increases in left-sidedness, rather than increases in left-sidedness, rather than merely an increase of mixed-handedness merely an increase of mixed-handedness (Satz & Green, 1999) . This is consistent (Satz & Green, 1999) . This is consistent with a number of studies (Katsanis & with a number of studies (Katsanis & Iacono, 1989; Clementz Iacono, 1989; Clementz et al et al, 1994; , 1994; Tyler Tyler et al et al, 1995) that have reported , 1995) that have reported an excess of left-handedness in patients an excess of left-handedness in patients with schizophrenia compared with with schizophrenia compared with healthy controls. healthy controls.
Our finding that participants with Our finding that participants with schizophrenia assigned to the 'left' phenoschizophrenia assigned to the 'left' phenotype were more likely to have a left-handed type were more likely to have a left-handed mother (but not a left-handed father), mother (but not a left-handed father), whereas those assigned to the 'mixed' whereas those assigned to the 'mixed' phenotype were more likely to have a leftphenotype were more likely to have a lefthanded father (but not a left-handed handed father (but not a left-handed mother), suggests a familial effect that mother), suggests a familial effect that might be either genetic or environmental. might be either genetic or environmental. However, the clear absence of an excess However, the clear absence of an excess of atypical lateralisation in the unaffected of atypical lateralisation in the unaffected siblings of patients with schizophrenia is siblings of patients with schizophrenia is in line with the findings of several in line with the findings of several other studies (Clementz other studies (Clementz et al et al, 1994; , 1994; Toommey Toommey et al et al, 1998; Byrne , 1998; Byrne et al et al, 2004) , 2004) and suggests that atypical lateralisation and suggests that atypical lateralisation is unlikely to be a robust phenotypic is unlikely to be a robust phenotypic marker of the genetic vulnerability to marker of the genetic vulnerability to schizophrenia. schizophrenia.
Neurocognitive and clinical Neurocognitive and clinical correlates correlates
The associations between the laterality The associations between the laterality phenotypes identified in this study and phenotypes identified in this study and selected clinical and personality traits and selected clinical and personality traits and neurocognitive variables implicated in the neurocognitive variables implicated in the vulnerability to schizophrenia do not vulnerability to schizophrenia do not provide unequivocal support for the hypoprovide unequivocal support for the hypothesis (Crow thesis (Crow et al et al, 1998; Leask & Crow, , 1998; Leask & Crow, 2001; Nettle, 2003) that cognitive perfor-2001; Nettle, 2003) that cognitive performance increases with increasing lateralisamance increases with increasing lateralisation of hand preferences in either tion of hand preferences in either direction, and that cognitive abilities are direction, and that cognitive abilities are lowest around the point of equal hand lowest around the point of equal hand skills -'point of interhemispheric indeciskills -'point of interhemispheric indecision' (Crow sion' (Crow et al et al, 1998) . In our sample of , 1998). In our sample of patients with schizophrenia, greater clinical patients with schizophrenia, greater clinical severity (as reflected in more frequent and severity (as reflected in more frequent and longer hospitalisations), earlier age at longer hospitalisations), earlier age at onset, and higher scores on self-assessed onset, and higher scores on self-assessed cognitive-perceptual dysfunction and intercognitive-perceptual dysfunction and interpersonal deficit, characterised the 'left' personal deficit, characterised the 'left' subgroup of patients showing a nearly subgroup of patients showing a nearly complete reversal of lateralisation (assessed complete reversal of lateralisation (assessed on multiple indices) and not the 'mixed' on multiple indices) and not the 'mixed' subgroup, which did not differ on these subgroup, which did not differ on these measures from the patients with complete measures from the patients with complete 'right' lateralisation. On the other hand, 'right' lateralisation. On the other hand, the 'left' and 'mixed' subgroups combined the 'left' and 'mixed' subgroups combined showed a consistent trend of poorer cognishowed a consistent trend of poorer cognitive performance than the 'right' subgroup, tive performance than the 'right' subgroup, but did not differ from one another on these but did not differ from one another on these measures. Thus, our data suggest that some measures. Thus, our data suggest that some degree of cognitive deficit is associated with degree of cognitive deficit is associated with a leftward laterality shift, rather than with a leftward laterality shift, rather than with a mere reduction of behavioural asymmea mere reduction of behavioural asymmetry. However, since the effect size of this try. However, since the effect size of this association is small (Cohen's association is small (Cohen's d d for neurofor neurocognitive measures in this data-set was in cognitive measures in this data-set was in the range 0.08-0.16), it is likely that behavthe range 0.08-0.16), it is likely that behavioural asymmetries explain only a small ioural asymmetries explain only a small proportion of the variance in cognitive proportion of the variance in cognitive performance in the schizophrenia group. performance in the schizophrenia group.
Limitations Limitations
The study has several limitations. First, the The study has several limitations. First, the sample of unaffected siblings was relatively sample of unaffected siblings was relatively small and may represent a biased proporsmall and may represent a biased proportion of the sibling population (it might have tion of the sibling population (it might have been the case that mainly 'healthy', highbeen the case that mainly 'healthy', highfunctioning siblings participated). Inclusion functioning siblings participated). Inclusion of all siblings might reveal differences from of all siblings might reveal differences from the controls in both laterality subtypes and the controls in both laterality subtypes and neurocognitive profiles. Second, several of neurocognitive profiles. Second, several of the laterality measures (including parental the laterality measures (including parental handedness) are based on self-report, which handedness) are based on self-report, which may not be entirely reliable. However, the may not be entirely reliable. However, the EHI is the most widely used questionnaire EHI is the most widely used questionnaire and is widely accepted as the standard in and is widely accepted as the standard in eliciting handedness data (Ransil & eliciting handedness data (Ransil & Schachter, 1994) . Schachter, 1994) .
Implications Implications
Notwithstanding such caveats, our study Notwithstanding such caveats, our study demonstrates that the complexity of behavdemonstrates that the complexity of behavioural lateralisation can be effectively partiioural lateralisation can be effectively partitioned into distinct latent types using a tioned into distinct latent types using a multivariate analysis, such as grade of multivariate analysis, such as grade of membership. An important finding is that, membership. An important finding is that, within individuals, the probabilities of assowithin individuals, the probabilities of association between different measures are not ciation between different measures are not uniformly distributed; for example, left or uniformly distributed; for example, left or right writing hand can be associated with right writing hand can be associated with varying probabilities for other behavioural varying probabilities for other behavioural preferences, suggesting that the writing preferences, suggesting that the writing hand is a poor predictor of other laterality hand is a poor predictor of other laterality measures. We suggest that the multivariate measures. We suggest that the multivariate integration of laterality measures and other integration of laterality measures and other relevant co-factors into composite laterality relevant co-factors into composite laterality traits might provide a more refined tool for traits might provide a more refined tool for further research into the genetic, developfurther research into the genetic, developmental and environmental underpinnings mental and environmental underpinnings of behavioural and cerebral lateralisation. of behavioural and cerebral lateralisation. 
